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sk Outline

LHCDb has access to several interesting decays
with a tree-level b — c7v transition ~ Brief introduction

= Current charged LUV measurements
= | HCb detector
= Vertex isolation

~ Features of LHCb measurements

= Muonic Tt decay analyses

= Hadronic t decay analyses

~ Prospects for charged LUV at LHCb
= Possible precision on £ (X)

= Measuring kinematic distributions

Originally from BaBar
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Charge-current LUV status

Experiment 7 decay Tag R(D) Ostat | 0] Osyst |70] R(D™) Ostat | /0] Osyst | /0] Pstat / Psyst / Prot
BABAR* vy Had. | 0.440 4 0.058 4 0.042 13.1 9.6/ 0.332 4 0.024 £ 0.018 7.1 5.6/ —0.45/—0.07/— 0.31
Belle” pvv  Semil.| 0.307 £0.037 & 0.016 12.1 5.2] 0.283 £ 0.018 4 0.014 6.4 49| —0.53/—0.51/—0.51
Belle® pvv  Had. | 0.37540.064 & 0.026 17.1 7.1| 0.293 £0.038 4+ 0.015 13.0 52| —0.56/—0.11/— 0.50
Belle® TV Had. = = ~|0.270 £0.035100%3 13.0 %7 -

Average® — — 0.340 = 0.027 = 0.013 7.9 3.8/0.295 == 0.011 = 0.008 3.7 2.7/—0.39/— 0.34/— 0.38

~ Significant deviation in Z(D"") from SM

0.5 _BaBar, PRL 109, 101802 (2012) —LHCb, PRL 115, 111803 (2015) — - Measurements from BaBar Belle, and LHCb
-~ _Belle, PRD 92, 072014 (2015) Belle, PRL 118, 211801 (2017)
045E™ _LHeb, PRL 120, 171802 (2018) - Belle, Moriond EW (2019) E ~ Additionally, LHCb measures
= 0.4F —HFLAV average Spring 2019 — SM predictions =
Fa = - R(JIY)=0.71 £0.17 =£0.18
E{T 035:_ & 6 —: . . .
= 14 ~ Any anomaly will need to be characterized with
0.3F -
025F- = independent rate and distribution measurements
02 03 04 05

. . ~ |s LHCb systematics limited already?
R(D) = No! Let's see how
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i The LHCb experiment

Muon stations

. o Calori
~ GPD with focus on flavor physics orimece wa S
_ RICH2  poap M2 o
= 25% of bb production with 4% of solid angle Tayers e M
T1 T2 T3 —
(2<n<b il
= 100k b-hadrons produced every second
. | Acceptane |
6 ------------
4
] N L CCEeRS —
0 yd L
2 e =
-4 ‘
5 LHCb MC I1 there is no Muon
/s =8 TeV other option VELO TT Magnet T-layers ECALHCAL stations

-8 6 -4 -2 0 2 4 6 T]18 Photonl==ssss=ssss s U

——

Neutral hadron|===sss=ss=ss=2=»

~ Excellent secondary vertex E1€CH 01| i St
Charged hadron|=—ss's's-4€3= 5 -

Y
reconstruction Muonl R o % *
>
*

~ PID m, K, D, u High precision

****
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il Upgrades

—I9fpl —>
Upgrade 1

<+—Goal: 50 tb! ———>»  «——Goal: 250 fb-'! —>»

Upgrade 11

Run 1 L.S1 Run 2 Run 3 LS3

Run4 |LS4] Run5 |LS5| Run6

2011 2012|2013 2014 | 2015 2016 2017 2018§ 2019 2020 2021 2022 2023 2024 | 2025 2026 2027

2028 2029 20302031 2032 2033 2034 | 2035|2036 2037

Runs 1 and 2
40 MHz LO 1.1 MHz 12.5 kHz (0.6 GB/s)
Hardware Detector Events on disk
colhsmns readout

Upgrade I (being installed)
40 MHz 100 kHz (2-5 GB/s)

PP Detector Events on disk Vertex iy
collisions readout Locator

Flexible software and better trackers

Muon stations

Calorimeters M4 M5
Magnet ICH? HCAL M2 1\13

p— ECAL
SciFi

Tracker |

o) [ —) b

L —]

|

Upgrade 11 (proposed)

Even better granularity, improved calorimeter,
and fast timing
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B-factorv advantages

Lower backgrounds

Colliston momentum known

Neutrals and electron reco

LHCb advantages

Higher statistics

All b-hadron species

Larger boost
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~ Superb vertexing by VELO (in vacuum)
= Only 8.2 mm from IP, 300 um of material

= Reduced to 5.1 mm from IP, 150 pm of material in upgrade

~ B mesons fly several cm thanks to large boost

~ Developed isolation BDT for &£ (D*) measurement

= Assign probability of track coming from B vertex

= |[PXZpy, IPX2g, pT, track angle, retitted B vertex with track
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Features of LHCb measurements




%8 Rest Frame Approximation (RFA) for muonic 1

. Data BaBar | Phys. Rev. D 88,

~ Same visible final state for signal/normalization o00f | mEDw | 000
': @B — Dly E
Wheﬂ T —> Il/t //t Used 1()()():— S gzgl\(’l/t)v -
= But B —» Dzv has 3 neutrinos, while B = D¢y only 1 - _

~ B-tactories effectively reconstruct pp ) with B-tagging

150
= D, = Pete- — DB, allows you calculate p,;.c = pg_ .~ Ppe — Dy 100}
° ° 50:
~ LHCb estimates py with RFA ;
= Good approximation thanks to large X, boost ~
Phys. Rev. Lett. 115, 111803 (2015)
Vi - ! 000 T T e
= tan” : S - _
‘p Bsig ‘ m (p ,MX ) g 004__ LHCb Simulation “ 3000+ =S:B*Hc(e VX)X -
X o < i B B — D" )
//t ¢ E i ~28% ; B -gomen:ltoral ] SufﬁCIGIlt
v T’ ~ i FWHM and g 2000: JI Misident _ SCP ara}tllon 1f
Y e v Y 0.02 long tail s | enough stafs
- X, ey : :
p e GRR | |
> gomz== " Y ~ $\4‘) N T N
p % 04 02 0 02 04 06 08 1 00 2 4 6 8 10
q? resolution m2. [GeV?]
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S0 Muonic Z(D™)

Phys. Rev. Lett. 115,

111803 (2015) § iég ~ PFOO]C Of concept measurement In 201 5
S = Not clear if possible beforehand!
—— Data Vo
BN B — D*tv oy 140 . .
Rtk ~ 3D simultaneous fit to qz, mn%iss, and E/f
BN B — D*uwv S 80
Combinatoria N
Misidbenth:[ied:x FE 28 % (B —> D*TI/T>

P (D*) = Decay mode used in BABAR  B(%)

0 _ D*t — | D7t 67.7 | LHCDb
B\B - D*uy, —  DTqd 30.7
Total 98.4
DY — K ntg! 13.9
AT G Heh | o 4000 F g e THGh ~ K-ntnrt 8.1
% 3 000 18 LHCb only —  Kirta— Y 5.4
S - reconstructed LHCb
S 2,000} S D™t - D%z with —  KorTn~ 2.9
g | E D’ - K=x* —  Kgm 1.2
7 1000 z ~ KTK- 0.4
ol Total 35.8
Could more than double stats adding

other fully charged final states
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. K
e Muonic Z(D ™) control samples

Phys Rev. Lett. 115, XI.O?. I I ° I d . bk
111803 (2015) g ~ Control samples instrumental to determine bkgs.
S 200 B
S - Additional K: B — D*H X
—— Data Vo
BN B — D*tv oy 140 - 1 B — DXk (5 D*
-5 DL X O 120 Additional n: B — D**( — D*x) v
B B — D*'lv @ 100 -
BN E — D'y = 0 = Additional mn: B - D** ( — D*znn) (v
Combinatorial LE 60
Misidentified u 40
20 ~ 150F " T 935<q?<1260GeVc*  LHCb] o~ F  935<q’<1260GeVi¥c* | LHCb -
0 > I ] E 200E" o E
g 100F- } - o 150 Addl}ttlonal E
- | - ~ _ :
Zz I 1 2 100K =
£ 50 - & : -
Q>) B 7] > 50__ —
4000 s A S LA R BN A L LR AL B 4000_||||_ = § : - _i E
. ’ i g>>9.35Gev2  LHCb 1 /:>-\ ’ - q° > 9.35 GeV? LHCD - » 2:_ o 2 2:: =
Z 3,000 1 & ] SR =~ =
8 ’ - e ~ 3000~ 935<q < 12 .60 GeW/c LHCb—]
i : S S 1500 ‘I _pma O
= 2,000 ¢ 2 en v 2000[~ B B — D*H (= WX)X
*é I @ S 1000 = - B B — D*'lv .
. @ & _ B — D*uv i
2 1,000 5 £ = 1000 o Combmatoral =
[ 0 =z 2 Misidentified -
O 05 1 15 2 25 E '% 5 T T .:'::'::'::':E
E* [GeV] - 500071000 1500 2000 2500

E ;“ [GeV]
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sk Muonic Z(D" ") systematics

FastSim gives a factor of 10x, which only covers Run 2

C.ontrlbutlon . Uncert. [70) Hopefully will scale with data, but 1t will require faster FastSim,
Simulated sample size 0.2  faster hardware progress, or more restrictive generator cuts
Misidentified u bkg. 4.8 Data driven procedure developed for &£ (J/¥) will reduce it
By D** (¢~ /77)¥ bke. 91  toless than 2% in updated measurement
Signal /norm. FFs 1.9 Primarily data driven
Hardware trigger 1.8 Disappears in Run 3 Note that only 30% of the
systematic uncertainty Is
DD bkg. 1.9 Primarily data driven multiplicative, so the
: majority does not scale
MC /data correction 1.2 aith contral value
Combinatorial bkg. 0.9 Primarily data driven
PID 0.9 & ; "
: enerally, systematic uncertainties will come
Total systematic 8.9 down with data, but there will probably be a
Total statistical 8.0 0.5-3% systematics floor from the extrapolations
Total 12.0 to signal region and certain assumptions
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Muonic Z£(J/YV)

R (JI¥P) = ~ Very similar strategy to muonic Z(D ™)
B ( - Add decay time to separate B. from B, 4
_ = Main background is muon misiD
—— Data %
Mis-ID bkg. 4000
Jp coub big, E Contribution Uncert. [%]
=§ ~ %;:Vv; %/ LQCD calculation already helps 'Signal /norm. FFE's 17.0
—FA S Rl Hopefully will scale with data 'Simulated sample size 11.3
W Be = wediy Will come down with more robust fit Fit model 11.2
f;f;blfe(vz'oﬁg 120 Misidentified p bkg. 7.9
T = Primarily data driven Partial B, bkg. 6.9
S q00E 068 <EF<1.15GeV i 16002—'— 0.68 < EX <1.15GeV =
% 6002— q°> 715 GeV?] —g é 1400 q°>115 Gew]—; Combinatorial bkg 0.
S wi 3 S e €uig/ €norm 0.9
E ok EI- N i== E Expect a larger Total systematic 25.4
2 ok E E 1-5% floor from | .
=55 0 5 10 5553 i 15 5 measuring FFs Total 34.9

m?_.  [GeV2] decay time [ps]
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TR Hadronic* Z(D"™)

~ Leverages additional vertex when 7~ — 7 277~ (x")v_ is used
T

= Main background prompt B = D*zznzX reduced by 104 with T flight distance

2

- Better g and m..

resolution thanks to more precise determination of B momentum
Phys. Rev. D 97,

072013 (2018)

T K+ = 100 E | ' | ' | ' | | | ' | — = — T — T T T o
t T {BO — D 1T'v } - o - 0.09 |- o =
T : N LHCb simulation ] 008 E- LHCb simulation ~18% FWHM =
10° -P“’“;lft (i*”””x A Y S and smaller =
— = Double-charm (D*DX) 3§ @« E . -
V. S — P { £ oosf tails than RFA E
g 2 0.05F —~
S 10°F == E
V. % : 1 & 004F E
S T 003 -
10 3 E
" - L, E
T ! 1 0 0.5 1
JT (qfeco_ qtzrue)/qtzrue
x

R (D*) = R(D ) depends on
external branching

fractions

*Actually, the 7~ — #7771, decay is semileptonic Measure this ratio
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Hadronic* Z(D" ™) systematics

LHCb (a)

@ Data

—— Total model

e B - D'y,
B — D' t*v_
B — D*D*(X)

R B > DD (X)
B — D 3nX

B B > D' D(X)

m Comb. bkg.

Candidates / ( 0.25 ps )
[\ 9]
S
(e}
(e}

t. [ps]

Candidates / ( 1.375 GeV?/¢*)

0 5 10
¢ [GeV* ¢4

Candidates / 0.1

0 0.1 0.2 0.3
BDT

~ Similarly to previous
measurements, many
systematic uncertainties
are expected to scale
down with data

~ However, a floor of
~3-4% is more likely
due to dependence from
external branching
fraction measurements

Phys. Rev. D 97,
1 072013 (2018)

*Actually, the 7~ — n7z~ 71, decay is semileptonic

Contribution Uncert. [%]
DD bke. 5.4
Simulated sample size 4.9
MC/data correction 3.7
B — D**({~ /77 )v bkg. 2.7
Trigger 1.6
PID 1.3
Signal /norm. FFs 1.2
Combinatorial bkg. 0.7
7 decay 0.4
Total systematic 9.0
B(B — D*rnm) 3.9
B(B — D*uv) 2.0
B(rt — 3nv)/B(rT — 3nmv) 0.7
Total external 4.4
Total statistical 6.5
Total 12.0
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Muonic vs Hadronic t decay

~ Run 1 measurements show key features of future LHCb LUV possibilities

= Dominated by systematics, but will scale with data for the most part

Note that the majority of the uncertainty
does not scale with central value

Muonic R(D*T) Uncert. [%)] Muonic R(J/¥) Uncert. [%)] Hadronic R(D**)  Uncert. [%] DX — .
Total systematic 8.9 Total systematic 25.4 Total systematic 9.0 ( c) PI’@CISIOH with
Total statistical 8.0 Total statistical 23.9 Total external 4.4 hadronic decays of ©

Total 12.0 Total 34.9 Total statistical 6.5 may be IImited by
Total 12.0 external measurements

Systematics floor probably 0.5-3% Systematics floor 1-5% due to FFs .
Systematics floor 3-4% due to BFext

LHCD simulation
~18%

FWHM and
smaller tails
than RFA

LHCb Simulation But may allow

for better
NEEECE S
of kinematic
distributions

Muonic decays of 1
~28% allow for precise

Arbitrary units

FWHM and
long tail

arbitrary units

determinations of
R(X,) at higher stats

O PR I ST NN T SN T NN TR NN TN N TN SO SN NN SN SO SR NN SN SO SN NN SR
04 02 0 02 04 06 08 1 0
q? resolution

-

—_ IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

-0.5

[E—

Phys. Rev. Lert. 115, 111803 (2015) Phys. Rev. D 97,072013 (2018)
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pects for charged LUV at LHCb

\
-
-
-
-
-
-
-
-
=

l

The new pixel VELO will help a lot!



st Upcoming measurements

~ Analyses at an advanced stage
= Run 1 muonic Z(D°) — % (D*)
= Hadronic X (D**)

BY, B¥ ~ Analyses in early to very early stages primarily using Run 2
= Run 2 muonic Z(DY) — %#(D*), muonic # (D) — Z(D™7)
B;) = Run 2 hadronic Z(D"™), hadronic Z(D") — %(D¥*), hadronic Z(D*) — #(D")
= Muonic Z(pp)

= Hadronic B — D" *1v polarization of D* and t

= Muonic B — D" *tv angular distributions

AO - R(D™),, Some of these may_take
b s several years, but aim to
= Muonic Z(D,) — R(D}), hadronic £(D,) — R (D) cover as many

observables as possible
= Muonic £(A,), hadronic £(A,)
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& Assumptions on evolution of Z(X )

Run 1 LS1 Run 2 LS2 Run 3 LS3 Run 4 LS4 Run 5 LSS5| Runé6
2011 2012|2013 2014|2015 2016 2017 2018|2019 2020 2021|2022 2023 2024|2025 2026 2027|2028 2029 2030|2031 |2032 2033 2034|2035 |2036 2037
i1 20| - - )03 17 1.7 22 - - - |83 83 83| - - - |83 83 83| - |50 50 50| - |50 S50 |fb!

~ Extrapolate Z(D*) based on Run 1 muonic Z(D" ") assuming
= 2x more stats starting in Run 1 from adding #Z(D™?)

= 3x more stats starting in Run 2 from better HLT (1.5x) and cross section (2x)

= 2x more stats starting in Run 3 from no hardware trigger

- Systematics scale with data but floor of 0.5% (optimistic) and 3% (pessimistic)

. Rough assumptions
~ Extrapolate Z£(J/Y¥) based on Run 1 muonic L (J/V) based on BFs and

- Systematics scale with data but floor of 1% (optimistic) and 5% (pessimistic) fragmentation fractions and

building on work from
Patrick Owen

~ Estimate the other species based on £ (D*) extrapolation ana
= 1/4x stats for (D) from smaller BF and no feed-down
= 1/16x stats for B(D'") from f./(f, + f;) and extra track (1/2x)
= 1/6x stats for K (A,) from fy /(f, +[,) ~ 1/4, extra track (1/2x), and larger Ac BF
= 1/20x stats tor F(AF) from f, /(f, +f;) ~ 1/4, two slow pions and lower BF
- Systematics scale with data but floor of 1% (optimistic) and 5% (pessimistic) but for £(D) same as X (D*)
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https://agenda.infn.it/event/12253/timetable/?view=standard#13-prospects-with-semileptonic
https://agenda.infn.it/event/12253/timetable/?view=standard#13-prospects-with-semileptonic
https://agenda.infn.it/event/12253/timetable/?view=standard#13-prospects-with-semileptonic

1 [/
ek

Prospects for Z(X.)

~ Enormous improvement from Upgrade | (Runs 3+4)

= 50 fb-? plus factor of two from no hardware trigger

~ After Upgrade Il (Runs 5+6) it depends on systematics scenario
= Significant gains for £(J/¥), ,%(DS(*)), and R (A¥) it we can control FF systematics

Run 2 Run 3 Run 4 Run 5 Run 6 Run 2 Run 3 Run 4 Run 5 Run 6
[ W ‘ T T T T T T T T [ N\ ‘ T T T T T T T T T T T T T ]
1aL VY S 14\ | — R(D") 1
SN == W -=' R(D) -
_12¢ \\ \ Pessimistic — 12 vy Optimistic — R(DWY) -
X \ \ systematics scenario — X ‘\ \\ systematics scenario —_— R(AY) ]
g 107 e g 10p e == R(A.)
- = . NN
R £ NN R(J/©)
£ £ 8f YT \
D o : \\ \ Upgrade 11
= = R N R R . I W\
= S O \\
T R W
3 S 4f N
- N
— = \\\\u —————
~ it
L LHCb o LHCD TEmmm—— S~ lTTITTS
- ' - ' B P Sl S P —
[ unofficial Upgrade 1 Upgrade 11 [ unofficial Upgradel = =~ @ o — == == -
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
N N N
FITTTITIIFIIFFIFIFFIIFFTFFTEE FIIIIIITIIITITIFTISTFTSFISSTS S
N 2 D ) 2 2 R A R A Y N 2 A N A ) 2 2 R A A Y

Manuel Franco Sevilla

Dataset up to year

Dataset up to year
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it Measuring distributions

~ Upgrades give access kinematic distributions sensitive to NP

= |[nstrumental in characterizing any anomaly

= Unique sensitivity to B, = Dtv, B, — J/Wtv, and A, — A _1v (see following talk by A. Datta)

MEF'S "Evidence for an excess of .
P e & 2 — _ Phys. Rev. Lett. 115, p) Phys. Rev. D 97,
8= D n decan Diveraion. [ MpaCt of 2ZHDM on g? and 6: =m - OL e LHCDb resolution on g2 and 0L 013 018,

0.2 T = uU D 0.09

# 0.08

LHCb Simulation 0.07
0.06
0.05
0.04
0.03
0.02
0.01
0

:B — Dtv . EB — D*tv LHCb simulation

Arbitrary units

arbitrary units

— SM
—tp/m,; =0.3 GeV™'
—tp/m,, =0.5 GeV"'
— tf/m,; = 1.0 GeV"
T T T . PR NI T AT TN N ST T AN T S S N S N S NS S H N W T ol oy, o,
8 10 212 0 04 -02 0 02 04 06 08 1 0
¢* (GeV?) q® resolution @ - ¢ g?

reco true true

-

—_ IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III

[E—

>
o0

T D p VY,

>
o0

~ LHCb Simulation
- LHCC-2018-027

The hadronic reconstruction
B — D*¢v , :
B - D%y of the t provides higher
sensitivity, but the muonic

dI'/d cos @,

-

@)
dI'/d cos @,

=

N
Arbitrary units

-
™~
-
~

A —sMm
- —tf/m, =03 GeV"' : |
2F —tp/m, =05 GeV' : reconstruction can also

=
N

- —tB/m,; =1.0GeV" :
PR R T R T T L oo by e o by B L

T 05 0 . 1 2 3
0, resolution (rad)

contribute
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~ Larger backgrounds and lack of full event reconstruction
make distributions challenging

= Upgrade 2 samples may allow tor techniques such as B, — BTK™ tagging

Phys. Rev. D 88,072012 (2013) Ogtat (%(D*)) =7.1% Phys. Rev. Lett. 115, 111803 (2015) Ostat (%(D*)) = 8.0Y%

(U
-
-

BaBar] —— Data
i B B — D*tv
B B — D*H_(— X)X
B B — D**lv
Bl B — D'uv
Combinatorial
Misidentified u

—~ Data
B eD}v
B—=Dntv

.

mB — D (/v
—1Bkg.

Events/(3.25 GeV?2)

NoO M54 CUt SO
difficult to compare

data/MC Events/(0.50 GeV?)

. >15GeV?
SS

~ Run 1 hadronic measurement already shows some
sensitivity to g2 distribution

ostat (R(D*)) = 6.4 %

1000

800

600 |-

500

Candidates / (1.375GeV?/ c*)

300

200 |-

400 |-

200

400 |

100 |

- 0.038<BDT<1.038 LHCb

- 1.038<BDT<2.038

Phys. Rev. D 97,
072013 (2018)

= paa BDT>2.038

- —— Total model

- EEB > DTtV
- B—> D"t v,
: B — D D(X)
- EEB — D D(X)
- B - D 3rnX
— @B - DD (X)
C [ Comb. bkg

2 4 6 8 10

q* [GeV?/ c4]
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QQRSITP

b ‘
@@B

> A O
/56

S LN
Ry g

T Possible sensitivity to angular distributions

0.251 0.301

Simulation
0.20 — - 2
~ Hadronic analyses expected to have good angular sensitivity
- Hill, John, Ke, Poluektov, JHEP 2019, 133 (2019) 1908.04643 : g

0.101
0.107

0.057

d*T 9 9 0.051
x I1.cos“0p + [1ssin“ Op
dq? d(cosfp) d(cosOr) dx 0 0.00° 0.00.
- . f
+ (I cos? 0p + Iy, sin® 0p| cos 20y, .l; y
_ . | // . } Data
+ (Lge cos’ Op + Igs sin? Op|cosbr, - 09 0201 “ . % Dy
- Rt B — D*rv
- . . 9 . 92 0 0.31 B — D*Dy(X)
+ [I3 cos 2x + Igsin 2x]sin“ 6, sin” Op g . 015 S
] . . e s e B — D*371(X)
. . . @) = =
+ [I4 cos x + Igsin x| sin 207, sin 20p S z Z 0.2 - DDX)
_ . . . aad A 0.101 8 B
+ [I5 cos x + I7sin x| sin 0, sin 20p , —0.51
~H07 05 00 05 L 0.0 I |
rue cos
b X [rad] BDT
1.0
0.200
7 B B-factory scenario, 50 ab™! B LHC scenario, 23 fb~!
" -\ ...\ 0.5 0.1751 - B-factory scenario average oy~ ------ LHC scenario average o
= 0.1501 - Simulation
N - _—
O S
! Wrest frame = 0.0] @
=
D*rest frame % S
= =
—0.51
—1.0 ' ' ' : . : :
—1.0 —0.5 0.0 0.5 1.0 -3 -2 -1 0 1 2 3

Manuel Franco Sevilla

True cos 0y, True x [rad]

5

Coefficient
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Summary

Upgrade 1 Upgrade 11

'LS4] Run5  |LS5| Run6
2031 |

Run 1 L.S1 Run 2
2011 2012 (2013 2014|2015 2016 2017 2018

Run 3 L.S3 Run 4
2019 2020 202182022 2023 2024 | 2025 2026 2027 | 2028 2029 2030

2032 2033 2034|2035 (2036 2037

~ LHCb has a unique ability to study b — c7v transitions
- R(DY)), R(D**), R(D)), RIIY), Z(AL)) with muonic analyses

= Kinematic distributions with hadronic analyses

~ Upgrade | will allow us to reach 1-6% uncertainties W N\ R B — )
120 \‘\\\ ptimist.ic i R(D*g*>) .
~ Upgrade Il would reduce some uncertainties 2x turther Scenario - it

= Access to important kinematic distributions, key to characterize NP

Total uncertainty [%]

~ Challenges ahead

= Will need an order of magnitude more MC than what FastSim can do today o ia s s s s o i b ot o550 b0 o5, :

LHCDb

= Important to calculate and measure all FF and control other systematics Dataset, up to year
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